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M ost of thislecture comesfrom...
«

F. Bielgew, H. Hirayama, W. R. Nelson and D.W.O.R Rogers,

“ History, overview and recent improvements of EGH”,

National Research Council of Canada Report PIRS-0436 (1994)
(also: KEK Internal 94-4 and SL AC-PUB-6499)

These reports can be obtained from the following websites

http://www.irs.inms.nrc.ca/inmg/irg/irs.html
http://ccwww . kek.jp/kek/rad/egsd/eqgs.html
http://www-user.slac.stanford.edu/eqs/

respectively
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Why hasthe Monte Carlo method
become so popular?”

* Note: Between 1983-88 there was afive-fold increase in Monte
Carlo papers—jparticularly electron-photon transport

e Analytic methods tend to be pronibitive (but some very
difficult problems have finally been solved using MC)

e Monte Carlo is somewhat intuitive (and several good
books have now been written on the subject)

e Computers continueto get faster and cheaper!!!

History and Overview of EGS4



NRC-c e

Reasons For Popularity of EGS
c-

e Powerful —Based on well-understood physics

e Versatile — General-purpose el ectron-photon code
e Benchmarked — Extremely well-checked

e Open Architecture —Many outside contributors

e User-Supported —Workshops, large community

e Timely — A code needed by medical physicists

e Expert-friendly — Good documentation

e FREE — Non-commercial licenses
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Codes That Preceded EGS
7

e Messe & Crawford e Zerby & Moran
Australia (1958-1970) ORNL (1962-1963)
First computer Monte Carlo for high- Motivated by Panofsky
energy electromagnetic cascade showers (construction of SLAC)
Nice tables published Excellent MC engineering

in so-called Shower Book
Code not available outside ORNL
Code not available at all
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ETRAN - Berger and Seltzer
.

e NIST (1964-present)
e Excellent physics and MC techniques
e Great benchmarking !!!

e Unknown to the high-energy physics community
(originally alow-E code)

e Definitely not user-friendly
e History: ETRAN - ITS - MCNP
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SHOWER — The Seed for EGS
7

e H. Nagel — Univ. Bonn (1963-1967)

e Ph.D. dissertation (1964)

e Cylinder-dab geometry (and hard coded)
e Datafor lead and copper only

e Missing some important physics processes
e But...readily available !!!

e Brought to SLAC by Nagel in 1966
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Development of EGS3 (1970’ s)
(SLAC-HEPL collaboration)

e Cloned from Nagel’s SHOWER program

e Energy range extended (0.1 MeV to few GeV)
e Any 100 elements (compounds & mixtures)

e PEGSS3 code for creating mediainput data

e New physics processes were added

e Changed to more efficient sampling techniques
e EGS3 popularity because of credibility,etc.

e Also, perfect timing.....the November Revolution !
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Development of EG34 (1980’ s)
(SLAC-KEK-NRCC collaboration)

e SLAC-KEK (Nelson & Hirayama) :
Extended flexibility for high-energy accelerator applications

e NRCC (Rogers & Bielgew):
- Tremendous low-energy benchmarking effort
- Medical physics applications, detector response
- Importance of electron step-size (ESTEPE)

e SLAC-265 report issued in December 1985
e PRESTA agorithm released in 1986
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Description of the EGS Code
S

e EGS - analog Monte Carlo program

— Physical process simulated as closely as possible
— Variance reduction techniques not “built in

— Good for fluctuation studies (detector response)
- Disadvantage: Very time consuming !

e Can introduce importance sampling:

CALL SHOWER (IQ,E,X,Y,Z,UV,W,IR,WT)
(normally WT=1.0 by default)

e PEGSA code — created for efficiency reasons
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PEG3 — Preprocessor for EGHA
-

e Usestheoretical and empirical formulae
- Determines cross sections, branching ratios, etc.
- Creates output - fast look-up table for EGS4

e Run PEG34 before running EGH4
- But only once for each medium
- Save output on disk for later use by EGH4
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Electron Processesin EG4
7

e Bremsstrahlung: Z(Z+1)
- Bprem= MC?/E (default)
- Special 6,,.,, sSampling version available (macro)

e O-ray production
- Mdller (ee) and Bhabha (e*e)

e Collisonloss
- Between discrete interactions
- Restricted dE/dX), (i.e., LET,)
- dE/dXx), 4 for soft x-rays (added to collision l0ss)
- Density effect (Sternheimer-Berger-Seltzer model)

e Multiple scattering — uses Moliére model
e Positron annihilation (at-rest & in-flight)
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Photon Processesin EG4
7

e Pair production: Z(Z+1)
- 85— MC?/E (default)
- Special 0, sampling version available (macro)

e Compton scattering (unbound)
e Coherent (Rayleigh) scattering

e Photoelectric effect

- Excitation energy deposited locally
- Special fluorescence version available
- PE-angle sampling (macro) also available
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Basic EG$ - circa 1985
7

e Dynamic energy range — several TeV to

- 1 keV (photons)
- 10 keV (€electrons)

e User must create geometry and scoring routines
(Subroutines HOWFAR and AUSGAB)

e Changesin basic EG+ code done with macros

e User-designed possihilitiesinclude:
- Transporting in E and B fields
- Adding weighting-biasing techniques (splitting, Russian roulette)
- Sampling incident spectrum and/or angular (or spatial) distributions

e Great code for the creative user ! (but user must write the User Code)
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Special “User Codes’ Available
S

e UCSAMPLA4 - Appendix 2 of SLAC-265 (the “manual™)
e DOSRZ — Cylinder-slab geometry

e XYZDOS - Rectilinear-coordinate geometry

e TUTOR1thru TUTORY —Tutorial codes (in Chapter 3)

The above come with the EGS4 Distribution Package (e.g., on the Web)

The User Code system workswith EGS4 asfollows...
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Division Between User-Interface and EGS4 mmﬁ

=

AUSGAB

9P0D J9sSN

HOWFAR
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— A Sophisticated User Code
S

o was developed at the NRCC
e Ideal for clinical-accelerator geometries

o Isavery good EGS4 User Code and is
responsible for many journal papers

e An extensive workshop is offered
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Many | mprovements Since 1985
S

e Most improvements/enhancements are;
- supplied with UNIX or PC distributions
or
- are obtained directly from author(s)

e Generally they are EGS4 options that:
- must be “switched on” viaflags
and/or
- are macros that are inserted in the User Code

e Full description givenin Bielgew et a
(NRC-PIRS-0436)
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| mprovementsEnhancements
Fall Into Three Categories

e Physics Modeling
e Development of Tools and Techniques
e Systems and other Support
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e PRESTA

e Angle sampling

e Fuorescence

e Electromagnetic fields

e Polarization

Doppler Broadening
Compton binding
Electron-impact ionization
|mproved cross sections

Single scattering
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Development of Tools
and Technigues

e Forced interactions e L ong-sequence random

e Rangergection numbers

e Bremsstrahlung splitting e Graphicstools

e Geometry User Codes
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Systems and other Support
.

e New platforms (UNIX, Linux, PC)

e EGSListserv facility

e User Groups (in France, England, Japan...)
e EGS courses and workshops

e The EGSWeb Page...
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Welcome to the Electron
Gamma Shower (EGS) Web Page

The B33 computer code swstem iz a general purposs package for the Monte Caslo smudation of the coupled bransport of
electrons and photons i an arbdtrary geometry for pashcles wath enerpies from a fewr eV up to several TeV. Some hanre
referred to the EGE code as the de facto gold standard for chmcal radiaben dosmnetry, The history and an cveraew of
EGE code system = documented i the report MEC-PIES-0436 ( pdf or postacnps). Chick here For a fee copy of
Adobe's Acrobat Eeader (for pnnting/eiewmng PDF fles).

The main mtent of this web ste 15 to facldats the dstmbution and mstallanon of the BGS computer code syetem. This web
aife also serves as a means of commmumicating teclnucal information, conference and wrorkshops announc ements, and other
eforrmaton that may be of interest to the EGS user comemunty. Cheke here for more information about thes weeb site.

The HenHouse

* Add-ong and Taer Appboatons
. &

Annovmeements and COther Mews
# Boolkes for the radiation franspost specialist

Bug Alerts
Compers, Toaols, and Other Unlities

¢ EG5 List Server
* Fraguently Asked Cuestions [FAQ)
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* Freguently Asked Questions (FAQ)
o Mlaruals efe...
+ Sowce Code (standard distribution

Other EGS Web Sites and Information

EGS—Nm An.hdapmm nEEGE mn C'-.I'C'l-l'
EGES tming shudies an various computers. Web page mammtamed by Alan DuSautoy. Pleaze send additonal treing sbodies to Alew F. Bislajew
An EGES pomer by Alex F. Bielajew .
KEE EGS Web Site (japan)
Wﬂm (NEC)

A Bit of This and That

MCHME radiation transport code web pape. & Visnal Edibor for MCWE.
Huclear Energy Agency (FMEA) Data Bank

HIST Physical Eeference Diata {2z, CODATA recommended values of the fndamental physical constants)
Cipn-bne Journals and Cither Pubkeahons

FEREGEINE Frogect Web page -- a M O tool for accurate radiabon therapy dose calculations,
Plﬂﬂ.BmEa]E&‘ucunfEuhanmdehmla (BEEC) websate,
.._ 1 _.,.-,._ rarnzalion
at Dak Fidge Manenal Laboratony.
Pub]u[td. search serwce with access te ower El'ﬂiim tiuﬁm.-l from MEDLIE.

manuals, etc...




EGS Manuals and Documentation

The EGS4 code system 13 documented m The £054 Code Svetem, by W E. Nelson, H Hirayvama, and D WO Eogers, SLAC-265 (1985). An Adobe PDF
version of this report can be downloaded From hitp Twww, dlac stanford edufpubsielacreportaleac-r-263 bzl To obdtam a pemted copy of the EG34 marual, write o
W Ealph Nelson at

Ztanford Lmear Accelerator Center
PO Bax434%
Stanford, T4 B4309

and ask for SLAC-265 Be sure to inclade a briel description of what you plan to do with EGE,

For your convenuence, SLAC-265 appendices 2 thraugh 5 have been converted to HTML and made aceesable bere,

» SLAC-265 Appends 2 EGS4 Ueer Manual in HTML (61 kb)
* SLAC-263 Appendor 3 FEGSS Wser Manual in HTML (78 kb)
o SLAC-265 Appendor4: BEG54 Ueer Guide to Mortrans m HTML (36 kb)

= SLAC-265 Appendge 5 EGS4 JSvstem Congiderations m HITML. A bit dated, but you may stll fnd it usefild (26 kb)

Lales b a few more BEGE related docusnents are prowded below, Smee these Bles are farly large, pleaze dowenload them durmg off hours e, Fom 6 pmte B am
FiTh. Addtional EGS mformation and decoments can be found on the WEC Tomene Eadiabon Standards provp (Canada) web page.

MMortran

» Advasced Mortranl

W Ealph Meleon pe (176 kb or pdf (145 kb
s Flewpntary Mortrani

W Ealph Meleon pe (145 kb or pdf (120 kb
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History, Installation, and Use

EGES ta W4 A Decade af Enliareenients

W E. Melson, AF. Baelajew, D.W. O Eogers, and H Hragama ps (1326 kb or pdf (2598 kb))
Histary, overview and recest improvements of B84

AF Bielagew, H H=ayaraa, W E Melson, and DOW.O. Ropers. pe (306 kb)) or pdf (205 kb
HOWFAR - How to code geowmetry

W Ralph Nelson. ps (2188 kb) or pdf (337 kb)

HOWFAR and HOWNEAR: Jeometry Modeling for Mowte Carle Particle Transport
Alex F Beelajew. pdf (365 kb

How io manage the B554 system

Alex F Bielajew. pe (193 kb) or pdf (178 kb)

Frwmring BOS on other mackines

Alex F Brelajew. ps (386 kb) or paf (313 kb)

PEGEA (cross sections)

+ PEGS4--Data sets for different media
W Ralph Nelson ps (553 kb or pdf (212 kb

Other

. Effci satistics and ”
Alex F Beelagew pa (216 kb) ar pdf (209 k)

* Flectron Monte Carlo simlation

Alex F Bislajew and David W O Rogers ps (379 kb) ar pdf (236 kb)

4
Alex F Beclajew pa (37 kb) or pef (108 kb)
* Monte Carlo Modeling i External Electron-Beam Fadiotherary: Wiy Leave &t to Charce?
Alex F Beelajew ps (2154 kb)) or pdE(318 kb)

admas Bl ssad o Mamlfe alasded sas

History and Overview of EGS4



NRC-c e

Stanford
Linear
Accelerator
Center

Also,...click onthe
and then tolearn
about how EGSisbeing used in

A natonal laboreatory cparatead by ¢

i i Py el hareee of idhe |- ) . )
Radiation Treatment Planning
L 0 | 11& ]
HORE PAGE ESS {for Elciron=Gamma Showar) a

snltwana program dewelopad At SLAC,

Scantihe prignaly to assst n calculating shisldng

Irvteimaniza raeds, is increasingly being used by the
medical commurety to halp plan x-ray

Compating 0k pasizatin cancer tharsgy, This program,

affectmnaraly known as ‘2ggs,’ can

Worling o SLAL simudate the paths and energy deposits of particies n an
Epature Articies endess vanaty of materizls end geametries
Enhancements to the simulation fodd alow medical
phy=cists ko design x-ray beam configuratons specific
to mdevidual patients thus ensurng that ac much anergy
a5 possibla 15 concentrated on the tumor and mat an
mEaeny hiealthy tesues,

Search cur Web Site [—
sgarch our PhoneBodk 'I—

Conferences, Workshops, and Meetings

SLAC sponsored events as kted on our

page. The stz meetings
collaguia and semnars of mtarest to tha broad begh-
energy physics community, Chack tha SEIEES

erar latapase for physics conferances

elsewhare,
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http://www2.slac.stanford.edu/vvc/applications/egs4/egs.html
° P O NRC-CNRC

APPLICATIONS
Treating Cancer with Radiation. ..

... and improving our techniques with the EGS Computer Code.

Fhato courls ¥ of Yapian Aagociates
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